Introduction
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Interest in complexes that undergo spin crossover (SCO) has been growing considerably during recent years because SCOactive materials show great potential for application as memory storage and processing devices.
1 Ideally, the spin change is abrupt and displays hysteresis features to entail 25 bistability over a given temperature range. 2 Such behavior is related to high cooperativity of the spin-labile metal centers, induced for example by intermolecular interactions like hydrogen bonding, π-π stacking, and electrostatic interactions. Hence supramolecular principles 3 may be 30 particularly efficient for engineering and optimizing cooperativity. A few (self-)assembly approaches have been explored thus far for organizing spin-labile centers either in the solid state, 4 in nanoparticles, 5 in gels, 6 and recently even in solution.
7 35 While most of these studies have involved spin-labile iron or cobalt centers, only little is known about engineering manganese(III) complexes for self-assembly. 8 This is remarkable, especially when considering the significant potential of managanese(III) centers as active sites of switches 40 due to their high degree of electronic and magnetic variability. Manganese(III) centers undergo facile one-electron oxidations and reductions at relatively low potential costs, and the metal d 4 electronic configuration presets such complexes for spin crossover. However, only a few SCO-active manganese(III) 45 systems are known. 9 A possible reason for the limited accessibility of SCO-active manganese complexes may be the difficulty associated with preparing configurationally stable low-spin complexes. 10 In the few complexes that exhibit SCO activity, the manganese center is often ligated by a 50 multidentate ligand. 11 For example, complex I comprising a dianionic hexadentate N 4 O 2 ligand framework was reported to undergo a thermally induced spin transition from S = 2 to S = 1 (Fig. 1) . 12 Based on our previous achievements in selfassembling iron(III) and cobalt(III) complexes comprising a 55 related N 4 O 2 ligand system, 13 the functionalization of complexes related to I with aliphatic chains therefore constitutes an obvious approach for synthesizing amphiphilic species that may show both, (electro)magnetically activity and high propensity to (self-)assemble. These two properties, 60 functionality and assembly, are key factors for the development of new functional devices. hydrophilic-lipophilic balance has been performed by modifying the skeleton of the hexadentate N 4 O 2 ligand and by 5 introducing alkyl chains of different length. Distinct trends have emerged from these studies that may serve as guidelines for further device fabrications using related SCO-active manganese(III) complexes.
Results and discussion
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Synthesis of manganese(III) complexes
The amphiphilic manganese(III) complexes 3 comprising a sal 2 trien ligand framework functionalized with two alkyl chains were prepared according to modified literature procedures. 14 low spin magnetic moment is higher than that expected for two unpaired electrons (µ eff = 2.82 µ B for S = 1), suggesting that about 2/3 of the molecules have changed configuration. 5 No distinct color change has been noted upon SCO. The magnetic moments of the OC 18 -functionalized complexes 4c and 5c are lower at RT (µ eff = 3.74 µ B and 3.65 µ B , respectively; Fig. 3b ). They decrease gradually upon cooling and reach a plateau at µ eff = 2.85 µ B and 2.98 µ B , 10 respectively, consistent with the S = 1 state. 22 Complex 4c adopts a low spin configuration only below 60 K, whereas 5c is low spin up to 220 K. The relatively low magnetic moment of these complexes at room temperature suggests a mixture of high and low spin centers at this temperature. 23 Upon heating 15 a sample of 5c to 350 K the µ eff indeed increases to µ eff = 4.24 µ B , indicating a predominantly S = 2 configuration. Accordingly, the spin transition is centered just around 295 K which would be very attractive for further processing. After heating, however, only a small fraction converted to the low spin state (µ eff = 3.49 µ B at 100 K). Warming of complex 5c hence disables SCO, perhaps because of a modified packing of the complexes due to the presence of long alkyl chains. 24 Such a hypothesis is supported by the similar behavior of the warmed sample and an amorphous sample of 5c.
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Nevertheless, we observe that long alkyl chains tend to stabilize the less common S = 1 configuration of manganese(III) centers.
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Solid state molecular structures
Single crystals of complexes 3a, 4a, and 5a were subjected to 30 an X-ray diffraction analysis. The global structures (Fig. 4) are consistent with previous studies on related complexes. 14, 16, 19, 20 Complex 3a features cis-positioned phenolate oxygens, whereas in complexes 4a and 5a, the oxygen atoms are in mutual trans arrangement. Generally a 35 significant distortion from an ideally octahedral geometry is noted in all complexes, which may be reflected by the significant distortion parameter Σ (Table 2) . 27 The asymmetric unit of 3a is composed of two unique complex cations, which each show a Jahn-Teller elongation 40 along one of the amine nitrogens and one of the phenolate oxygens (Table 2) . Generally, bond lengths and angles are consistent with a high spin configuration at the Mn III center as deduced from magnetic measurements (vide supra). 21 The alkyl chains are fully stretched and in a mutually cisoid 45 arrangement. The dihedral angle α between the two phenolate rings in each complex is about 117°. Values of α above 90° have been suggested to preclude SCO activity in Fe(sal 2 trien) complexes. 28 This criterion might be less relevant for the manganese series, since the equally spin-stable methoxy-50 substituted analog of 3a has α = 87.8.
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Fig. 4 ORTEP representations of the Mn III complex cations 3a and 4a (a and b, respectively, 30% probability ellipsoids, only one of the two independent residues shown), and 5a (c, 50% probability ellipsoids). All 55 hydrogen atoms, cocrystallized solvent molecules, and non-coordinating anions are omitted for clarity.
The unit cell of 4a comprises two independent complexes that are nearly identical. Each has more regular geometry than that in 3a. The shorter Mn-O distances and the longer M-N 60 bonds compared to 3a reflect the predominantly HS state with population of the d x 2 -y 2 orbital producing an axial compression.
Upon displacing the alkoxy chain to the imine ortho position (5a, Fig. 4c ) the M-N amine distance decreases considerably (2.14 Å vs. > 2.20 Å in 4a), in line with the lower population of HS sites for 5a at 173 K. Otherwise, only little changes were observed for the M-O and M-N imine bond lengths. While most of the bond lengths in 5a at 173 K are similar to those in the methoxy-functionalized complex I at 5 RT, which is known to be in high spin configuration, partial spin crossover may be supported by the short M-N amine bonds in 5a. In addition, the angular distortion parameter (Σ = 54.5) is between the parameters calculated for the high and the low spin states of complex I (70.7 and 45.0, respectively), 12 and 10 suggests neither a clear HS nor LS configuration (cf magnetic data above).
Crystal packing
In all measured crystals, a hydrogen bonding motif was detected that involves one or both of the ligand N-H bonds.
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For example in crystals of 3a, each unique complex cation forms a hydrogen bond via the amine hydrogen to a nitrate oxygen, which presumably also acts as acceptor for a cocrystallized water molecule (hydrogen atoms could not be located). This water molecule in turn is ideally placed for 20 acting as hydrogen bond acceptor from another N-H unit, thus resulting in a dimeric structure that is interlinked via a N-H···O nitrate ···H-O water ···H-N motif. 21 The two inequivalent complex cations of 4a also form a dimeric structure due to N- constitute a general feature that may also become useful for crystal engineering. In contrast to the previously discussed structures, the hydrogen bonding in 5a includes both N-H bonds of the cationic complex and hence results in the formation of a polymeric 1D-chain rather than dimeric 35 structures as in 3a and 4a.
In addition to the hydrogen bonding, crystal packing analysis of 3a also revealed a highly anisotropic arrangement of the complex cations. Alignment of the alkyl chains along the crystallographic c-axis produces alternating apolar and 40 polar layers within the crystallographic ab-plane (Fig. 5a ). The layers are assembled in head-to-head and tail-to-tail arrangement, thus resulting in the formation of a well-defined 3-dimensional assembly comprising hydrophilic and hydrophobic lamellar domains that are about 9.1 and 14.9 Å 45 thick, respectively. The alkyl chains are densely packed and are separated by about 4 Å. 29 Hence, lipophilic interactions may further stabilize the molecular packing in 3a. In contrast, cations of 4a are arranged in perpendicular orientation and do not feature any specific alignment of the alkyl chains nor 50 distinct hydrophilic and hydrophobic domains (Fig. 5b) . The packing of 5a shows, similar to 3a, a layered structure (Fig. 5c) . As a consequence of the nearly orthogonal alignment of the alkyl chains within each complex, the aliphatic tails of adjacent layers are strongly interdigitated. 55 Hence double layer formation is much less pronounced and the interplanar distance is only 12.4 Å and hence considerably smaller than in crystals of 3a. Evaluation of the shortest metal-metal distance indicates that this parameter is not decisive for inducing SCO. In spinlabile 5a, the manganese(III) centers are separated by 9.153 Å within one layer. This distance is significantly larger than the 10 closest intermetallic contact in crystals of complex I (8.914 Å in HS state and 8.411 Å in LS). The Mn···Mn separation in spin-stable complexes 3a and 4a is even smaller, 7.443 Å and 8.189 Å, respectively. 30 Tentatively, the SCO activity of 5a may thus be attributed to the ordered interdigitation of the 15 alkyl chains and the consequentially short layer separation, perhaps in combination with the hydrogen bonded 1D network, which interconnects complexes of different layers.
Self-assembly at interfaces
Langmuir-Blodgett (LB) film fabrication provides an elegant 20 tool for arranging molecules at the supramolecular level and offers the possibility to sequentially deposit molecular monolayers with high precision and reproducibility. 31 The assembly of amphiphilic molecules with a specific function can thus afford mono-and multilayered films, 32 was reached. In contrast, the relative molecular area of monolayers composed of complexes 4b-c or 5b-c continuously shrunk upon compression, pointing to a liquid condensed phase. This specific behavior may be a consequence of the reduced hydrophilicity of the sal 2 bapen 20 ligand as compared to the sal 2 trien system in 3.
When considering the transoid arrangement of the alkyl tails in complexes 4 and its low tendency to pack into polar and apolar domains (cf Fig. 5 ), it seems surprising that Langmuir monolayer formation with this complex is not 25 significantly different from that of 5 bearing cisoid alkyl chains. 34 Notably, the films composed of complexes 4 are highly unstable (Fig. 6d) . 21 In contrast, monolayers composed of 3 and 5 are reasonably stable over extended periods of time (> 80 min) and may thus be used for transfer experiments. 30 Even though it is generally difficult to extrapolate molecular design to supramolecular organization, 35 especially when using only weak molecular recognition tools such as London forces, 36 complexes 3-5 demonstrate a strong correlation between molecular design, crystal packing, and 35 self-assembling properties. For example, appending the alkoxy tails in a different position on the aromatic ring of sal 2 bapen ligands reduces the intramolecular O alkoxy … O alkoxy distance from 11.8 Å in 4a to 6.7 Å in 5a (cf X-ray structures) and simultaneously modifies the shape of the complex from a 40 linear system (transoid alkyl chains in 4a) to a U-shaped geometry due to the cisoid arrangement of the alkyl chains. This modification separates the hydrophobic and lipophilic parts sufficiently well to entail the formation of stable films at the air-water interface.
37 45 Transfer of the Langmuir films onto supports was of limited success. Only partial transfer was observed due to significant desorption of material during downstrokes, resulting in ill-defined multilayered structures. 21 This drawback may perhaps be resolved by introducing different 50 types of molecular recognition sites for self-assembly and studies along these lines are currently in progress.
Conclusions
Amphiphilic manganese(III) complexes comprising different ligand skeletons were obtained using a simple alkoxy- 55 functionalization approach that allows for adjustment of the hydrophilic-lipophilic balance. The aliphatic chains do not affect the electrochemical properties and allow for accessing three different oxidation states under mild conditions. However, they strongly influence the magnetic behavior of the 60 complexes. Notably, octadecyloxy substituents attached to the sal 2 bapen ligand induce S = 2 to S = 1 spin transitions. Long aliphatic chains stabilize the low spin configuration at much higher temperature (>150 K) as compared to shorter hexyloxy groups. The observation of SCO in the isomeric complexes 4c 65 and 5c -the latter with a transition centered around room temperature and hence very attractive for device fabricationsuggests that the inductive character of the alkoxy group is more relevant than mesomeric or steric effects.
Due to the amphiphilic character, the complexes have a 70 high propensity to form distinct hydrophilic and hydrophobic domains upon self-assembly, both in the solid state (crystals) as well as at the air-water interface (Langmuir films). A clear separation between hydrophobic and hydrophilic moieties within the molecular building blocks is essential for the 75 formation of a stable Langmuir monolayer. Since the sal 2 bapen framework is considerably less hydrophilic than the sal 2 trien analog, the length and the position of the aliphatic chains plays a critical role for inducing self-assembly. Complex 5c represents an optimized building block, 80 combining SCO lability and redox activity with acceptable Langmuir film stability.
Experimental section General remarks
The syntheses of the 4-alkoxy-functionalized salicylaldehydes 85 1, 15 the 6-alkoxyfunctionalized salicylaldehydes 2, 21 
Langmuir-Blodgett Films
Pressure-area isotherms and time stability were measured at 25 °C on a KSV MiniMicro Langmuir-Blodgett trough (KSV, 10 Finland) with a surface area between 1700 and 8700 mm 2 .
Water was purified with a Barnstead Nanopure system (Thermo Scientific), and its resistivity was measured to be higher than 18 MΩ cm. Chloroform (puriss. p.a. ≥ 99.8%, Fluka) was used as spreading solvent. Typically drops of the 15 surfactant solution (20 µL, 0.50 mM) were deposited using a microsyringe on the water subphase. After letting the solvent evaporate for 30 min, the barriers were compressed at 6 mm min -1 (3 cm 2 min -1 ) and the surface pressure was monitored using a platinum Willhelmy plate. Each isotherm has been 20 measured three times with good reproducibility.
Synthesis of complex 3a
Triethylenetetramine (146 mg, 1.0 mmol) was dissolved in EtOH (5 mL) and treated with a solution of 1a (446 mg, 2.0 mmol) in THF (5 mL). After 5 min, NaOMe (108 mg, 2.0 25 mmol) was added as a solid and Mn(NO 3 ) 2 × 4H 2 O (251 mg, 1.0 mmol) in EtOH (5 mL) was added dropwise to the yellow solution. The greenish brown suspension was heated to 60 °C for 30 min open to air and filtered over a bed of silica. The product was eluted with THF (60 mL) and evaporated under 30 reduced pressure. The residue was dissolved in CHCl 3 (5 mL) and purified on a short pad of Al 2 O 3 (8 cm) by washing first with CHCl 3 (100 mL) and subsequent elution with EtOH/THF 2:1 (120 mL). After evaporation of the EtOH/THF fraction, the residue was redissolved in minimum amount of CH 2 Cl 2 35 and centrifuged. The supernatant was precipitated with Et 2 O (80 mL) and the precipitation from CH 2 Cl 2 /Et 2 O was repeated once. The precipitate was dissolved in CH 2 Cl 2 , filtered over Celite, and dried in vacuo to give 3a as a green solid (0.27 g, 40%). Crystals for single crystal structure analysis were 40 grown from slow evaporation of an acetone/water mixture containing 3a. M.p. 187 °C (decomp. 
Synthesis of complex 3b
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According to the procedure used for 3a, complex 3b was obtained from triethylenetetramine (146 mg, 1.0 mmol) in EtOH (5 mL), 1b (614 mg, 2.0 mmol) in THF (5 mL), NaOMe (108 mg, 2.0 mmol) and Mn(NO 3 ) 2 × 4H 2 O (251 mg, 1.0 mmol) in EtOH (5 mL) as a green solid (0.34 g, 41%). M.p. 55 
°C (decomp.). IR (CHCl 3
): 1593 (ν C=N ), 1523 cm -1 (ν C=C
Synthesis of complex 3c
Solid NaOMe (54 mg, 1 mmol) was added to the Schiff base 65 (446 mg, 0.5 mmol) in warm THF (20 mL). After 2 min stirring, a solution of Mn(NO 3 ) 2 × H 2 O (248 mg, 0.61 mmol) in EtOH (5 mL) was added dropwise. The greenish brown suspension was stirred for 30 min at reflux and filtered over a bed of silica (1.5 cm height). The product was eluted with 70 EtOH /THF 2:1 (100 mL) and dried under reduced pressure. 
Synthesis of complex 4b
According to procedure used for 4a, the crude title product 
Synthesis of complex 4c
According to procedure 4a the crude title product was obtained from N,N'-bis (3-aminopropyl) ethylenediamine (185 mg, 1.0 mmol) in EtOH (5 mL), 1c (613 mg, 2.0 mmol) in 10 warm THF (50 mL), NaOMe (108 mg, 2.0 mmol) and Mn(NO 3 ) 2 × H 2 O (183 mg, 1.0 mmol) in EtOH (5 mL). Purification was performed on a short pad of Al 2 O 3 (13 cm) by consecutive elution with CHCl 3 (30 mL) and THF (60 mL). After evaporation of the THF fraction, the product was 15 redissolved in CHCl 3 (20 mL) and filtered over Celite. After evaporation of the filtrate under reduced pressure, the residue was recrystallized from warm acetone to give 4c as a purple solid (0.31 g, 30% 
Synthesis of complex 5a
The procedure used for the synthesis of 3a was used, starting from N,N'-bis (3-aminopropyl) 
Synthesis of complex 5b
According to procedure 5a, the crude title product was obtained from N,N'-bis (3-aminopropyl) 
Synthesis of complex 5c
According to procedure described for 5a, complex 5c was obtained from N,N'-bis (3-aminopropyl) 
Crystal Structure Determinations
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Suitable single crystals were mounted on a Stoe Mark IIImaging Plate Diffractometer System equipped with a graphite monochromator. Data collection was performed at -100 °C using Mo-K α radiation (λ = 0.71073 Å) with a nominal crystal to detector distance of 135 mm. All structures were 95 solved by direct methods using the program SHELXS-97 and refined by full matrix least squares on F 2 with SHELXL-97.
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The hydrogen atoms were included in calculated positions and treated as riding atoms using SHELXL-97 default parameters. All non-hydrogen atoms were refined anisotropically. A semi-100 empirical absorption correction was applied for structures 4a and 5a using MULABS (PLATON03 42 ).
Compound 3a crystallized with two independent molecules and seven water molecules per asymmetric unit. The absolute structure was determined by refinement of the Flack 105 parameter (0.08(5)). 43 One nitrate anion is disordered and was refined isotropically; the oxygen atoms were split over two positions (occupancies 0.5/0.5). Complex 4a crystallized with two independent molecules per asymmetric unit. A region of disordered electron density was assumed to be co-crystallised with a Flack parameter x = 0.03(3 Amphiphilic functionalization of manganese(III) complexes induces spin crossover and promotes self-assembly in the solid state and at the air-water interface.
